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Field evaluation of Enterotoxigenic Escherichia coli-specific bacteriophage (©CJ19)
as a feed additive
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Abstract : Field efficacy of enterotoxigenic Escherichia coli-specific phage (DCJ19) as a feed additive was evaluated
in weaning piglets. Fifty-four piglets at 3~4 weeks old were allocated in three different groups and two of them were
fed with bacteriophage at different concentrations (10°PFU/kg feed and 10° PFU/kg feed, respectively) for 30 days.
Body weight and feed intake were measured at 10 days interval and body condition and fecal score were inspected
every day. Based on the measurement, feed conversion rate (FCR) and average daily gain (ADG) of each group during
30 days were analyzed. The analysis suggests that the bacteriophage may help the improvement of FCR and ADG
at 10°PFU/kg of bacteriophage feeding group in 30 days. A result from analysis of fecal score indicates that the
bacteriophage also may help to relieve the intermittent diarrhea in post-weaning stage. Those results suggest that
bacteriophage might help the growth of piglets in post-weaning stage.
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A7 SIS, o]= 1gE S&AZE HAE e Bt
A U] wAcR YA ] Alt)rt =shEA] e
o] AT 9 oghiol A8 THH AN Il
A&SHA HATH [16]. 2006 = 2Ry 2]ZH|glo} Bf
Hlg]eutx|o] AF A8-5 518 AL, 201000 H|=e]
Organic Materials Review Institute(OMRI)|A] 2]ZH]g]o}
WP QA E 750 ® FHYCh 2011 v= 2R
=t v ] @] o] A FARE F8aiion A AR
gt wlelg| o] AEAEE AE o= d#A 3
Escherichia(E.) coli= ¥NA At S48 AAFO2A
AA=A ] HAL o8, JFE AstE FEsal X8 2 4
Wl R we AAF IEE FaL vk @3 R
FEH < (lipopolysaccharide, O), 23 (flagellin, H), 74
2389 (polysaccharide, K)¢] 3ol wel 9,000 oI o)A
o] dHA U, HWIEHo T OH YIS EUE HE4
4]t (Enterotoxigenic E. coli, ETEC), ZA A thadd
(Enteroinvasive E. coli, EIEC), "9/ = (Enteropatho-
genic E. coli, EPEC), 4&¥4 o4+ (Enterohemorrhagic
E. coli, EHEC)S. & &/FHtt [9, 17, 19]. ©] & ETECE=
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A AR Al diE shiks S7R7IAL e Aol
A, ETECE Egstks tidds oW 2 5SS 96l
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ADG), AFE0]& &8 (feed conversion rate, FCR) 2 AA}A]
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JEAETET
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ETEC JG280 +7¢] @Y F=(single colony)s LB(Luria-
Bertani; tryptone 10 g/L; yeast extract 5g/L; NaCl 10 g/
L; Oxoid, UK) 9’ wli=]oll HF3ked 37°C oA 150 rppm
O =2 1820117k X' Wi sIaL, ARE A7EA 20%(viv)
glycerol -§-olel] &Agsto] 80°Cel] HAstTt.
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U sgA e = B 9 3 MEEHE 55 A
55 4,000 pmel Al 1027 A4 EES &, S-S
0.45 um ZEIZ o8] A5 oS FH|slAL, o] & o]
&3t soft agar overlay WHES FAHsIAT [1]. 5,
ETEC JG280 & v (ODg,=2) 150 uLek 10 x LB )
A 2mLoll AR o3 18 mLE EE3EL, 30°ColA] 184]
7F ZoF vjekst & 4,000 rpmellA] 10827 QA Easie] A
FHE 045um FEIZ AFsie] Algodlog ALg-siSt.
LB #H#u=2] el 0.7%(w/v) S (top agar) 3 mL3}
ETEC JG280 #& ik (OD,,=2) 150 uLe] &3S
Fol 238l F 1 9ol AlFY 10 uLE HA sk 30°CollA
1877k B¢t vieksle], Sik(plaque) ©] FAHS EIEA
3L 7] A€ plaqueR FE] T dE|E A E st
tt. PlaqueE 400 uLe] SM buffer [NaCl 5.8 g/L; MgSO,
7H,0 2g/L; 1M Tris-Cl(pH 7.5) 50 mL]el 7}3t=2, A2
olx 4r1ZF Bt WX|sle, wlElE e 9] §4S FESISITh
olo], vtz eukx] &H 100 uLS 0.7%(w/v) FHH 5mL
2 ETEC JG280 ZI& M (ODgy,=2) 150 uLe} 33|
3, 150mm A E] LB HIAH|A|E ]85} soft agar
overlay WHS F3810 o, 3] lysis & wl7px] wi<gst
Atk wjdo] FEE F, 471 LB B3R 5mLe] SM
buffers 718, ALolx 4A7F Bt WA sle, ThA] 1}
HZ] Qux] g8 5315t} o] 8ol 1%(v/v) chloroform
S 718k & 1087 W), 4,000 rppmeE 1027 94 #e
stod FFelS dollaz, 045 um ZEE oFste] HF Al
5E F5sinh
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U &= s7IEREH 2283 0CI98 5 5 ETEC
JG280% ¥ &3sl= LB ZAMIA|)A] double agar overlay
W o= wigsiltt [1]. ¥4€ plaques AF skl LB &
A A wieFet F el e mk] A FEEaL AA
SR [5]. &, M2l oA S3llE(bacterial lysates)ol] 2t
7t HEFE 1 MI 10%(vAv)7F E== NaClZ PEG 8,000
(polyethylene glycol 8,000; Sigma, USA)YS- 75t 4°Col
A 327 ARAIZ] F, 12,000 ppm o2 2087 A4 Ealst
of Wl enx] IAHES It s AAES o]
A3 ZAo] B2 modified SM buffer [0.1 M NaCl, 1 mM
MgS0O,, 02M Tris(pH 7.5), 0.01% gelatin]ol] *-f-A]A
ek dElE e nk] &S SHBIA, olE Bl 345t
o] double agar overlay HOZ HHH| 2| Q39X FEH 9
plaque forming unit(PFU/mL)S RIS 4TS ¢
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S A3, 2.5% glutaraldehyde(Sigma) &M 2 37
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B Efé% ®CJ19 H]E@l o Z(control), 10°PFU/kg
feed ®CJ19 FoJF(A 1), 10°PFU/Kg feed ®CI19 F
B 17)9 Vi d¥ror Wi 7t Ad3Y 6574,
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condition)Z #E3IT, 108 7HHo = X2 AF, ALEA
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Fig. 1. Transmission electron microscophic observation of
bacteriophage ®CJ19. Scale bar: 20 nm. x200,000.

solid agar)& ©]83le] <521 ETEC JG280% THAER 3]
A EH AFAE EFste] 23 F, o] 30°CelA
overnight Blsled AAdE plaquee] 5 Z7dsled PFU/g
s AT A% A3 10°PFU/g W1 739 43
o2 g3

SAHEE 24

Ao dojA A= EAIA ] ZZ33 SPSS Statistics
(ver. 17.0; SPSS, USAyS ol-&ste] ZyEE T HAWH
o]3) phage FoIwt3} HIFoIE7ke] AHHAIE ZARSIGITH

2 o

HIE|2| 2OX| OCJ192| HENSHA zHE

TEM A7< T3l ©Cl19= FHE A5 2F 48nme]
Aol HAY 2] (isometric capsidye AUYAL AL (tail)7}
NE Tl Podoviridaeol] 43S BHlEATHFig. 1).

%'%' SHZ 4 HHE & SHE

Z 54 miE]9] olfAlES TGO RE OCI195 AR H7HA
o A¥E FAFHA 1F), LFE FAFB 1w) B
DCI195 FoI3HA] 2 IF(UERD)CE ro] dd TA
F 9 30U F SAFES vlash

A A A E—E« w0 F ATE AL A 9
Aoz 113.1kg, A 28 1129kg, B Z&: 113.1
kg), 28 A 1 oowﬂoﬂ Ha Y SAF2 B 15(0.193
kg/day)ellA] FAISHA o2 fojAor edlon, dxatat
A ZI5S 7+ 7} 0.161 kg/day9}l 0.158 kg/day= -FrAFSH 31
=2 2ok Ad A1z 10d FHE 2087 B 2F
0.426 kg/day= tHZ+(0.384 kg/day)OlUr A 50361 kg/
day)ell Hlsl H+ dY FAFo] 73 Ao= AU
209 & 0%1 7HE A Z5(0.563 kg/day) 2 B 25(0.588
kg/day) 25 TIZ(0.551 kg/day) Hoh w& I SAHS
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Fig. 2. Average daily gain (ADG) in each 10 days in piglets
starting at 3 to 4 weeks old. Control group fed only normal
piglet feed while Group A and Group B piglets fed with
bacteriophage (®CJ19) at titer of 10° plaque forming unit
(PFU)/kg and 10® PFU/kg, respectively. Asterisk (*) indicates
significant value in statistics (p < 0.05).
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Fig. 3. Average weight gain of individual piglet in each group
during 30 days. Control group fed only normal piglet feed
while Group A and Group B piglets fed with bacteriophage
(PCI19) at titer of 10° PFU/kg and 10® PFU/kg, respectively.
Asterisk (*) indicates significant value in statistics (p < 0.05).

Helov AR 942 fITHEFig. 2).

I, A 30 st F SARS BH, g2t
Bt 7HA AT 6.28kg= AlZF ot FE Al 18.67kgS
2 12.38kge] &7} Atk A IFE 627kgl 2 AFEHA
%8 Al 1858kge & 1231kg =AM, B 258 thx
T A AF(6.28kg)o R A1 Yok FE Al 19.88
ke® 2 13.6kg 57+ At} ol 22 A171(30Y) B9 U=
o thH] A 8 1.22keolv EHE Aol BAHoRE
frolAdo) e Ao FlHATH(Fig. 3).

ME 0|8 g8

Alg JIA F 109 B¢ B 2F9 F AR AFFH] A
IFET} 10kg SOl E EFstal & SA S 6.4kg ©
=3 old wet B 159 Al ©]§ E&(FCR=131)
T foFos SFAThRT: 192, A IE: 1.63)(data
not shown). SHA|TF, 104 ©]F 30€71X]2] A& ©o]& &&

Feed Conversion Rate

1.2

Control Group A Group B

Fig. 4. Average feed conversion rate (FCR) during 30 days in
piglets starting at 3 to 4 weeks old. Control group fed only
normal piglet feed while Group A and Group B piglets fed
with bacteriophage (®CJ19) at titer of 10° PFU/kg and 10®

PFU/kg, respectively.
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Fig. 5. Total fecal score of each group in each 10 days. Control
group fed only normal piglet feed while Group A and Group
B piglets fed with bacteriophage (©CJ19) at titer of 10° PFU/
kg and 10® PFU/kg, respectively.

& 2 zpol7t gidlem A AF7I17E Fte] Hat AR
fage Z7F hERE 155, A IE 1.54, B I8 1512
AT ZHe)2] FUThFig. 4).

X
S
2
rO
Jo 1
1o
oX
rlo
rJ

AAF S olf AT A el AT A A
=o we}t yiEs Ak ®7|8}3(Grade 1: 9, Grade
2: %4, Grade 3: &4 ), 2 FXE dsi aF
2k MRS PlaLskitk(Fig. 5). A 3 B ZEelMe
|2 e 3kA] &3 AFE Fo] 2-3Y Fof| it BEeE
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ol MAEAS YERY. dAF e wlz 6]kl
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Fig. 6. Quantitative analysis of bacteriophage ®CJ19 in feces
of piglets during administration of feed supplements with
bacteriophage. Group A and Group B piglets fed with
bacteriophage (©CJ19) at titer of 10°PFU/kg and 10° PFU/kg,
respectively.
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7172 Ul 97 s=9] wEgeux7t HE = ATH(Fig. 6).
AFE 1kg @ 10°PFUS] ETEC B2 @ 3kx]7}F S8l A}
25 FA93

St A 1F A=Y EHAAE 10°PFU/g(=
10°PFUkg) 2 WH 2|97 HE HAeH, AlR
1 kg B 10°PFUS] ETEC gH2] L3A]7t a8 AlRE F
o3t B i A=) #WdA= 10°PFU/g(=10° PFU/kg)
o] wEE a7 AF Ao

70 (s} [e)
= Al 935} &3, B F ETEC A7 &9, & §52740)
7 A &9 58 F9 s [4, 12].
g Qe B4 nAES ZEE e vAELY vt
ol#2EA EUdME 20063%H, o= 2011 35H

P ALES Sl weEt AE e T F Ue
H7HR Fodstar ek SRR vHEE] kA o] Ho
A o) 8 X85 g3 opugt F=o] FAFE 7]
AoZ B3I I Jt}h Jamalludeen 5 [111 3
= 10155 YA ZE florfenicolS Foiste] Zhl Al
A7l ¥ 0149:HI0:F4 €33 ETEC 45
(JG280)E 10"cfu == A F 3k, 158 § 659
ETEC Eo] 9|2 o3RS 10"pfu T2 OF TE £
Hggom, 647+ AR, B F ETEC #+ 4%, SA
¥ 52 24 At [11]. 65 ETEC 5o| v e.3H4]
s 9502 g e o gz o] HF kg =9
Azl ° F7F YL ATtz i) 2-3Y A
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P EATE 53] GI1 #A|9 Gl6 AAE EFo = AL
o izt v AAAd S8 B SR REeA
o™ ETEC o W/ coverage®™ 57} alith & A7oA
= ETEC ¥ 7 Foi7h ofd At s7tol|x]e] ARkt
olmg 6d7ke] FA|Fe] R U] 1kg AR EEHZ
kot B 179 A% A 104 F¢e] ADGZ} 0.19 kg/day
2 WZ27(0.16 kg/day)Ert WY 32¢g 4 o SAEE AS
B ot o] o]fAE 1000 FH-g3al s 10
7+ % 32kedl F7F 24 aAE 48 5 Jdok 11YolA
A71A2] ADGE B 15°] 0.425 kg/day® th3w1(0.384
kg/day) tHH] vl 41 g A O SA|EHAC. o= ETEC 4}
H2| LA 5 Akl EF8le] 3~4 T olfAlEe] Fo Al
208 B3 A E oF 62kg A SAEI URALE FoF
(5.45kg) ] 800g HEo] F71 FAE 71k & & WAl
Hrh 219 o] $HE 3047A9] ADGE A 135(0.56 kg/
day)® B Z5(0.58 kg/day)oll A th24(0.55 kg/day) B U=
TPt Foldl Aole giloH, AR o8 82 ©
sl izl e ol BHAot folARl Aeol=

8o

A= LA, AALE dslste 23 YeRIL ole
bacteriophage’} S+ F=2 EAsl= ETEC ol 28319
Ad, 2 Ao Axpdel &4 e thE il =
218519971 Wil Aoz AjzhE) g B A E o
ARs BASHA] FAA R =] HALE Fol= Hl BHEHE e
wx)e] gaje} AHE B3 E0] Wo| B I QJt}h Smith
o} Huggins [22]= Bl A 6A17F A= Ao ZHA=E
S o ® AHEA g P433(3 x 108 cfuyS HH YA
& P713(3 x 10°cfu) ¥ Lactobacillus AHT1(10'" cfu)
o} A AT Fo AT [25]. g P433 7 el
RS FoAgt o] A9 HARs BASA] UL AHAL A
EAIZRS o 10847 A2 AAE fEQIT) ARk vt
HZ 29X Fojalx] gk & F vk 5 4niel7) )
AL gom o5 JHAlE AAF 26A17F o] $HE FHAPE ARt
HAct HAAEA] e AHEL S4AIHA] HAEAS B
o} o] e wEgemx| e HARE Azt Gde FolA|e}
AAGoIM = A2 =AU [21].

e S o7t FoE 71 AlFe] S7kEE Wl o
sMe olA7iA] WEe] vzl v gl 2y FAA 9
QAEZIA ZA 9] g0l [8] HIsEHAl vHE|E] 23] 7t
A f3l S ePlElEE B3] YEA] g W &
9] feld= AbEol Har, A tigdolu Aikte] g
o] Z7} X FEL AlR o]& §8o] FURINL F=

o
e
&
E

2 AHESIS Wl ETECE ASHA S3A, AH-E A=
ol ofsf] HEEA] e W2 2] ETEC ol vtz e
Aol oJaf) AgdE o] SAIE 7g Q1A vt v}
A ZRN7E SAEH Fraek AAE FEATE B 2 9
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